This study reports on an analysis of human adaptations to sea level changes in the tropical monsoonal environment of Peninsula Thailand. We excavated Khao Toh Chong rockshelter in Krabi and recorded archaeological deposits spanning the last 13,000 years. A suite of geoarchaeological methods suggest largely uninterrupted deposition, against a backdrop of geological data that show major changes in sea levels. Although there is a small assemblage of mostly undiagnostic ceramics and stone artefacts, there are some distinct changes in stone artefact technology and ceramic fabric. There is a substantial faunal assemblage, with changes in both the mammalian and shellfish taxa during the Pleistocene-Holocene transition that correlate with local sea level fluctuation. This assemblage provides an opportunity to explore subsistence behaviours leading up to the transition to the Neolithic. We explore the implications for current debates on the prehistoric origins of agricultural subsistence in mainland Southeast Asia. The data highlight the importance of local contingencies in understanding the mechanisms of change from foragers to agriculturalists.
However, during the middle Holocene, the archaeological record in mainland SEA is particularly 45
sparse. This gap in archaeological evidence for the region has been called "the missing 46 millennia" (White and Bouasisengpaseuth 2008:39) . It is an important period because major 47 changes occurred during this time. Ceramics appeared in many parts of Southeast Asia; 48 domesticated plants such as millet and rice appeared; stone artefact technologies transitioned 49 from mostly flaked to mostly ground stone artefacts; and settlements expanded from primarily 50 karstic upland and estuarine landscapes during the early Holocene to include inland alluvial 51 lowland villages by the late Holocene (White 2011) . But the sparse representation of this period 52 in the archaeological record means that questions of the timing and character of these changes 53 remain difficult to answer. 54
In this paper we present evidence of human activity from coastal Thailand that spans "the 55 missing millennia." Khao Toh Chong rockshelter is significant because it has a rich faunal record 56 spanning the middle Holocene, and is located in an area with a relatively detailed history of 57 regional sea level change. This provides a unique opportunity to investigate locally contingent 58 factors, such as the effect of sea level changes on human subsistence behaviours during the 59 transition from forager to agricultural economies. We report on a geoarchaeological analysis of 60 the site to provide a local environmental context of the human occupation. This analysis also aids 61 our understanding of site formation processes and artefact taphonomy. 62
Background

63
During the Holocene, the primary loci of archaeological evidence in SEA changes from caves 64
and rockshelters to open-air sites (cf. Conrad 2015; Higham 2014 ). This shift in settlement 65 behaviours has been proposed to be a direct result of the transition to agriculture (White 1995 aquatic and terrestrial animal bones, indicating that fishing and hunting were important activities 74 (no cultivars have been recovered). The archaeology of this region gives the impression of a 75 continuous sequence of human occupation. We see gradual, overlapping adaptations resulting in 76 changes in landscape use, the appearance of pottery and use of cemeteries, and at a much later 77 date an agricultural economy. The pottery and burial practices of the Dingsishan shell middens 78 are identical to those found at the Da But sites of northern Vietnam, such as Da But, Con Co 79
To investigate the gap in the archaeological record between the shift from rockshelters to open 104 sites during the middle Holocene, we chose to focus on coastal karstic valleys of Krabi Province.
105
This landscape has been exposed to major changes as sea levels rose and fell during the Late 106
Pleistocene and Early Holocene (Voris 2000; Sinsakul 1992 and tidal locations to estimate a Holocene sea level curve for peninsula Thailand that starts with 115 a steady rise in sea level until about 6 k BP, reaching a height of +4 m amsl (above mean sea 116 level). Sea levels then regressed until 4.7 k BP, then rising again to 2.5 m amsl at about 4 k BP.
117
From 3.7 k to 2.7 k BP there was a regressive phase, with transgression starting again at 2.7 k BP 118 to a maximum of 2 m amsl at 2.5 k BP. Regression continued from that time until the present sea 119 levels were reached at 1.5 k BP. 120
The evidence for these sea level changes comes from direct dating of marine shells and peat 121 deposits at geological sites in peninsular Thailand (Sinsakul 1992 
Methods
163
Excavation methods
164
In June-July 2011, we excavated two areas of 2x2 m to a depth of 1.6 m below the modern 165 ground surface at Khao Toh Chong rockshelter (Figure 1 ). Meter with 10 cm 3 of sediment analyzed in sample pots at low and high frequency following 220
Dearing (1999). Three replicates for each sample measurement of low and high frequency 221 susceptibility were taken following Gale and Hoare (1991) . 222
Organic carbon isotopes were analysed by sub-sampling 2 g of sediment which was dried at 223 60°C for 24 hours, then sieved to remove the >2 mm particle size fraction (Hartman 2011) , and 224 macro-organics were manually picked out and discarded. After sieving the samples were ground 225 for 5 minutes using a mortar and pestle. Mineral carbonates were removed by placing the 226 samples in 60 mL of 1 mol HCl for 24 hours, stirring every 10 hours of the 24 hour period 227 (Millwood and Boutton, 1998). The HCl was rinsed from the samples by adding 60 mL of 228 deionized water into the samples for one minute and then drying at 60°C for 48 hours; this step 229 was repeated three times. Isotope measurements were conducted using a Costech Elemental 230
Analyzer, Conflo III, MAT253 at the UW Earth and Space Sciences IsoLab. 231
For XRD analysis, following McGrath et al. (2008), we sub-sampled 2 g of >2 mm sediment and 232 ground it to a fine powder. Next 20 mL of 30% H 2 O 2 was used to remove organic matter. After 233 effervescence, sediment samples were dried for another 60°C for 24 hours. Samples were ground 234 again, then scanned on a Bruker D8 Focus X-ray Diffractometer from 5° to 75° 2θ with a Cu 235 radiation source at resolution 0.02° steps per second with 40 kV and 40 mA power output. MDI 236 Jade 9 software was used to identify minerals. 237
For compositional analysis by ICP-AES a 1 g sub-sample of sediment was prepared with an acid 238 digest extraction, following Misarti et al. (2011) . The sample was added to 10 mL of HNO 3 and 239 heated at 90°C for 15 minutes. Another 5 mL of HNO 3 was next added and heated at 90°C for 60 240 minutes. Next, deionized water, 30% H 2 O 2 and 10 mL HCl were added and heated for 60 241 minutes. The samples were then diluted with deionized water and filtered before ICP-AES 242
analysis. This acid digest provides a broad spectrum of elements in a known volumetric 243 concentration, suitable for ICP-AES analysis (Balcerzak, 2002; Carter, 1993) . The samples were 244 analyzed in a Perkin Elmer Optima 8300DV in the UW Chemistry Department. 245
We were unable to extract quantifiable amounts of fossil pollen from the sediment samples 246 (further details are reported in Van Vlack 2014). This is due to the frequent wetting and drying of 247 the rockshelter deposits which created poor conditions for microfloral preservation. There was 248 inorganic preservation of microflora, based on the presence of phytoliths, but these samples have 
Results
278
The key findings from our field observations during the exacavation were that the faunal 279 assemblage was deposited with relatively few macroscopic traces of post-depositional 280 disturbance ( Figure 3 ). We did not encounter any human burials or animal burrows and there was 281 very limited termite activity visible in the deposit. We did not reach bedrock, or sterile deposits, 282 due to time constraints. All excavated materials are currently stored at the Silpakorn University 283
Faculty of Archaeology's Phetchaburi campus. 284 Five charcoal samples and five shell samples returned radiocarbon age determinations (Table 1) .
296
The ages of these shells are offset from the ages of the charcoal by an average of 2945 years, 297 indicating a substantial reservoir effect. Considering only the charcoal dates, the excavated 298 deposit spans from before 13.5 k cal. BP through to about 0.15 k cal. BP ( Figure 5 ). 299
The depth-age relationship for the dated samples is strongly linear, suggesting a constant rate of 300 sediment accumulation (Figure 4 ). Although there is nearly a meter between the lowest and 301 second lowest charcoal samples, the linear tendency of the shell samples that span this gap 302
suggest that the accumulation of sediment at the site has been constant through the Holocene. 303
Using the ages of the charcoal samples, we computed a non-parametric chronology model to 304 estimate the approximate ages of undated excavation units. Using this model, we estimate the 305 date of the lowest excavation level to be approximately 16.8 k cal. BP. 
Chemical analyses and magnetic susceptibility 324
The results of the chemical, magnetic susceptibility and particle size analyses are depicted in 325 
Inductively coupled plasma-atomic emission spectrometry 358
Results from ICP-AES analyses are presented in 
Material culture 375
The archaeological materials consist mostly of small broken pieces of ceramic and flaked stone 376 artefacts (Table 6 , Figure 8 , Figure 9 ). The stone flakes are relatively small, unretouched and 377 typically have little to no dorsal cortex. There are no unambiguous signs of Hoabinhian 378 technology, such as unifacially flaked flat ovoid cobbles, or flakes that might have been removed 379 from these cobbles. Two complete polished adzes were found in the upper layers, and several 380 flakes with traces of abrasion on the platforms were also recovered, indicating on-site adze 381 manufacturing. Ceramic decorations at KTC are typical for the region, including cord-marked 382 and parallel incised and infilled lines (Rispoli 2007; Anderson 1990; Pookajorn 1994 ). There are 383 no significant correlations between the artefact counts and masses and any of the 384 geoarchaeological variables. Artefacts were found in every excavation unit, but we suspect that 385 ceramics in the lower part of the deposit may be post-depositional vertical displacement due to 386 trampling and frequent wetting and drying of the deposits. Frequent episodes of wetting and 387 drying are indicated by the extensive decomposition of fossil pollen and macrbotanical remains. 388
However, disturbance is not a significant factor at KTC as supported by the mineralogical and 389 sediment particle size data. Similar depositional processes occurred at Spirit Cave in northern 390
Thailand (Gorman 1970 The archaeological sequence at KTC shows signs of change over time, similar to the 397 geoarchaeological sequence described above, indicating that disturbance has not been so 398 extensive as to completely erase time-ordering of artefacts in the deposits. The stone artefact 399 technology changes from to large flaked cores and flakes made from coarse-grained 400 metamorphic rock in the lower levels to polished adze flakes made from finer-grained rock in the 401 upper levels. The ceramic assemblage also changes from thick, red sherds with frequent incised 402 decorations in the lower levels to predominantly black sherds in the upper levels. However, the 403 small number of artefacts in the deposit overall limits the degree to which we can distinguish 404 these changes as part of a major regional trend or idiosyncratic use of this site. 405 Of the identified invertebrates, nine taxa were identified to the species level while an additional 430 fourteen were identified to a broader degree of taxonomy ( (Table 9) . Generally, these indices have low values, indicating both low 440 diversity and the dominance of a small number of taxa in the assemblage. This is largely 441 controlled by the abundance of Neoradina prasongi, which dominate the assemblage in the lower 442 levels despite a greater number of other taxa also present. In the upper levels where Neoradina 443 prasongi is absent, the diversity and evenness indices increase but overall counts are low 444 suggesting the site was less frequently used for subsistence activities. Visual inspection of the stratigraphic plot of the KTC data ( Figure 6 ) suggests that the magnetic 457 susceptibility frequency dependency values of track mean particle size more closely than they 458 track low frequency magnetic susceptibility. This indicates that soil formation and weathering 459 processes control magnetic susceptibility more than burning processes, such as cooking, at the 460 site (Dearing et al. 1996 with soil organic matter in the KTC deposits (Table 2) . A negative correlation can be explained 464 by a negligible contribution from in situ pedogenesis toward enriching magnetic susceptibility.
465
This suggests that the enhancement of susceptibility may have occured off-site, rather than 466 through in situ processes in the deposit. If the magnetic susceptibility signal is not coupled to 467 anthropogenic burning at the site, as suggested by the the relationship between mean particle size 468 and frequency dependency, the high susceptibility values at 0.40 m below surface (c. 4-5 k cal. 469 BP) may indicate warmer/wetter conditions. One possible mechanism linking higher sediment 470 magnetic susceptibility values to warmer/wetter conditions has been suggested by Ellwood et al. 471 (1997) . They propose that higher magnetic susceptibility values might result from increased 472 production of maghemite due to higher pedogenetic rates on the landscape, with enriched 473 sediments washing into and forming site deposits. At KTC see signals of increased site use 474 through artefact discard rates, peaking in contexts 4 and 5. If the mechanism of Ellwood et al.
475
(1997) is plausible, this increase in site use may reflect people seeking shelter during 476 warmer/wetter conditions. Further analyses with remanence (e.g. HIRM, SIRM) measurements 477 will improve our understanding of these relationships. 478
Carbon isotope values indicate a consistent dominance of C 3 plants in the local environment over 479 time, similar to the present-day environment. The small monotonic depletion in carbon isotope 480 values throughout the Holocene suggests that the deposit has some stratigraphic integrity, despite 481 the anomalously deep finds of ceramics. The depletion in carbon isotope values may be due to 482 several factors, including changes in the ratio of C 3 and C 4 plants on the landscape, changes in 483 the growing conditions of plants (such as canopy structure, and water or nutrient stress), changes 484 in the ratios of isotopically distinct organic fractions in the sediment organic matter, and changes 485 in organic inputs from microorganisms in soils (Tieszen 1991 cooler/dryer conditions indicated by a decrease in magnetic susceptibility occurring at KTC at 504 the same time. However, the trend in δ 13 C values at KTC is relatively low magnitude, and 505 isotopic fractionation and microbial activity cannot be fully dismissed as contributing factors 506 (Lerch et al. 2011; Schweizer et al. 1999; Tieszen 1991; Wynn 2007) . Carbon isotope values of 507 leaf wax n-alkanes may help to overcome these ambiguities because these are more diagnostic 508 than those from bulk sediments, which contain materials of both terrestrial and aquatic origin. 509
The magnetic susceptibility and carbon isotope data indicate a transition from warmer/wetter 510 conditions at 5-4 k cal. BP to dryer conditions around 3-2 k cal. BP. analysis. If these were correlated, it might suggest episodes of soil formation on the landscape 532 surrounding the site. Thus, we interpret the geoarchaeological data as indicating generally 533 constant conditions over time, rather than resulting from massive large scale bioturbation. 534
The relationships among the elements measured by ICP-AES suggest a single source for the 535 sediments throughout the entire period of deposition. Cluster analysis of the contexts using the 536 elemental data suggests low-level groupings resulting from minor variation (Figure 7 ). The 537 cluster containing context 1 of trench B, and trench A's contexts 4, 7U and 7L are notable 538 because they are relatively enriched with Ca and Mg, but this is not correlated with carbonates 539 measured by loss on ignition. Overall, the element distributions suggest low variation over time.
540
This homogeneity in the composition of the deposits is consistent with a single source of 541 sediment throughout the history of site formation at KTC. 542
Zooarchaeological assemblage
543
KTC rockshelter has a relatively undisturbed mammalian, reptilian, fish, and molluscan 544 assemblage. Of the taxa recovered at KTC, the riparian fauna is the best indicator of changing 545 forager behavior during the "missing millennia," highlighting the environmental constraints on 546 resource availability. Neoradina prasongi shells constitute the bulk of molluscan food waste in 547 the archaeological assemblage. These gastropods inhabit fresh water stream environments 548 (Brandt 1974) , which were likely close in proximity to the rockshelter during this time. Peak 549 discard rates for N. prasongi at KTC occurred at c. 9 k cal BP, suggesting that the most intensive 550 use of the rockshelter for subsistence purposes occurred during the Early Holocene. The 551 abundant turtle or tortoise remains at KTC also suggest that fresh water stream habitats were 552 found near the site. Since KTC was close in proximity to a number of other cave and rockshelter 553 sites with relatively similar chronological and subsistence regimes, it is possible that foragers in 554 this region employed a complex mobility strategy to access fresh water resources and shelter 555 . 557
A decline in freshwater N. prasongi mollusk exploitation occurred in the Holocene, reaching a 558 minimum at 6 k cal BP. Two possibilities may explain this decline; either there is a regional 559 ecological shift from freshwater to mangrove swamp habitats, or changes in the foraging 560 behaviours of prehistoric groups (Shoocongdej 2000 (Shoocongdej , 2010 
Conclusion
606
Archaeological excavations revealed human occupation at KTC from recent times back to over 607 13,000 years ago, without any major interruptions, disturbances or discontiunities. The changes 608 in artefact technology were subtle during the time represented by the excavated deposit, and 609 there is some uncertainty about the effect of bioturbation on artefact distributions. That said, the 610 site is unique because it has not been extensively disturbed by Late Holocene human burials. The 611 faunal assemblage proved the most abundant and interesting aspect of the excavated materials, 612
and broadly confirms some of the patterns previously observed at Lang Rongrien rockshelter and 613
Moh Khiew cave. The foragers occupying KTC practiced a complex strategy of molluscan 614 resource procurement and exploitation. The most striking find is the association between the 615 abundance of shellfish and past sea levels. Low sea levels at the Early Holocene correspond to a 616 peak in shellfish discard, followed by a decline in shellfish and lithic discard at c. 6 k cal. BP, at 617 the same time as the peak Holocene sea levels. 618
There is another small peak in shellfish at c. 3 k cal. BP during a regressive phase, this time 619
accompanied by relatively large amounts of ceramics and lithics. During the Mid Holocene, 620 when the Neoradina prasongi exploitation ceased at KTC, the water table and sea levels were 621 rising while abundances in charcoal (regional fires) became more prevalent (Kealhofer 2003:80; 622 Maloney 1999) . During this time, more arboreal taxa were exploited and economic plants begin 623 to appear archaeologically. This faunal discard sequence suggests that local sea levels influenced 624 the intensity of site use. Past human occupants appeared to have found the site favorable for 625 habitation during conditions of low sea levels. Presumably during higher sea levels they sought 626 shelter further inland. In any case, we have shown that adaptation to sea level changes did not 627 require major technological reorganization for the occupants at KTC, but instead was managed 628
by adjusting settlement and land-use patterns to maintain access to resources such as shellfish. The results from KTC confirm the "missing millennia" as a period of important subsistence and 646 technological changes in mainland Southeast Asia. One one hand, we see at KTC a recapitulation 647 of a common sequence in mainland Southeast Asian prehistory. This includes foragers using the 648 site for brief subsistence-related tasks during the Late Pleistocene and Early Holocene, then a 649 transition in the Middle Holocene to people using the site less for foraging activities, but now 650 with ceramics and possibly practicing agriculture, as suggested by the polished adzes. On the 651 other hand, we also see a unique pattern of shellfish exploitation at KTC that is related to the 652 local sea level changes. This relationship highlights the importance of the local context in 653 understanding the mechanisms of change from foragers to agriculturalists. 
